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BIOLOGICAL CONTROL 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of control 
ling insect populations, especially those which are her 
bivorous in nature, and in particular, to a method for 
effecting such control through biological means. 
Over the years the existence of different species of 

insects which affect their local environment during one 
or more stages of their life cycles have at times had a 
harmful or deleterious in?uence on the local vegetation 
and/or indigenous creatures. Such environmental im 
pact has many times proven harmful to the physical, 
economic, and social well‘ being of humans. In recent 
times, examples of undesirable insects include the 
Gypsy Mothl, which essentially denudes broadleaf 
trees, and the Mediterranean Fruit Fly, which infests 
and destroys crops of fruit intended for human con 
sumption. 
1See Marshall, 13., Science, Vol. 213, dated Aug. 28, 198], pp. 991-993. 
Whether insects are directly detrimental to humans, 

such as those mentioned above, or merely locally upset 
the balance of nature, a de?nite need exists for control 
of insect populations or insects. Early control methods 
were primarily chemical in nature. More recent con 
trols have been chemical and biological. Various meth 
ods were adopted for use against insects during vulnera 
ble phases of insect life cycle, including toxic chemicals, 
introduction of sterile specimens into insect popula 
tions, the use of lures such as pheromones to attract 
insects, etc. Disease causing organisms, e.g., Bacillus 
thuringiensis, have also been used With some measure of 
success. 

Which of the foregoing methods of control may be 
used will vary depending on the type of insect involved 
as well as the environment in which they are to be used. 
Unfortunately, the use of chemical agents for insect 
control has certain drawbacks such as unintended resid 
ual effect, indiscriminate lethality to living organisms, 
unpredictable long term effects on recipient organisms, 
persistence in food chains, and public disapproval of the 
use of chemical agents. 

Consequently, it has become a desirable alternative to 
effect control of insect population through biological 
means. One method for such control is by seeding an 
insect population of a particular species with sterile 
male insects so that mating instincts are satis?ed with 
out the production of offspring. This method also has 
certain drawbacks in that it lacks immediacy and that it 
may not be sufficiently extensive in the face of a huge 
insect population. 
Many of the problems associated with control of 

insect populations, such as selectivity, existence of re 
siduum, lack of immediacy, etc., appear to be solved by 
the present invention which, in sum, induces the death 
of insects by a mechanism or mechanisms associated 
with wilt disease. 

Wilt disease or “?ackerie” in an insect is character 
ized by cessation of eating and sluggishness in activity, 
followed by complete motionlessness. After a period of 
time, usually several hours, dark putri?ed liquid oozes 
from body ori?ces such as the mouth and anus. The 
insect, e.g., caterpillar, becomes extremely flaccid, the 
legs losing their grip until ?nally, with only one or two 
of its false feet or with its anal claspers it hangs limp and 
dead. Its skin, which is by the time of death usually 

2 
black, maybe easily ruptured to emit a dark, thin liquid 
having an extremely Offensive odor. 
While wilt disease is best known as affecting the 

gypsy moth larva, Lymantria dispar Linnaeus, at least 35 
other species of insects have been reported to be af 
fected by the same or very similar diseases. See Stien 
haus, Insect Microbiology: An Account of the Microbes 
Associated with Insects & Ticks, page 414 (1946). At ?rst 
it was believed that a small, motile coccus, Gyrococcus 

10 ?accidifex, was the etiologic agent of the disease in the 
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gypsy moth, however, extensive study in the area of 
gypsy moth wilt disease performed by R. W. Glaser and 
J. W. Chapman early in this century, led to a determina 
tion that wilt disease in the gypsy moth is caused by a 
?lterable virus. The ef?cacy of this work is evident 
from the fact that the term “wilt disease” came to be 
used as a general term to designate any virus-caused 
disease of insects, id. at 421. 

Further study regarding wilt disease led to the dis 
covery of another micrococcus, i.e., Micrococcus ?ac 
cidifex danai, Index No. 3322-22120-2131, which has 
been identi?ed as a causative agent of “wilt” disease in 
the Monarch Butterfly caterpillar, Danaisplexippus; see 
American Museum Novitiates, No. 251, pages 5 and 6 
(1927). ' 

While these and possibly other etiological investiga 
tions into insect death. by wilt disease have revealed 
different, lethal microorganisms, it is not believed that 
any wilt disease-inducing microorganism has been ef 
fectively used as a biological control- of insect popula 
tion. 

SUMMARY OF THE INVENTION 

It has now been discovered by me that the microor 
ganism Micrococcus pseudo?accidifex, ATCC No. 
31970, is very effective in producing death in insects, 
generally in the larvae stages. By insect is meant insects 
per se and mites. Speci?cally, this bacterium is capable 
of ‘producing death in those insects which ingest the 
organism. Ostensibly, the target insect population is 
controlled by inducing death in such insects by me 
chanism(s) associated with wilt disease. It is suggested 
that such mechanisms might be any one of, or combina 
tion of, gut penetration, tissue digest, inactivation of 
immune mechanisms, etc., but no recommendation is set 
forth herein which might in any way limit the scope of 
the present invention. 

Micrococcus pseudo?accidlf'ex was discoveredby me 
as a causative agent of wilt disease in the Monarch 
Butterfly. The organism was isolated by standard mi 
crobiological procedures from dead larvae in a labora 
tory population. Testing to date indicates that Micrococ 
cus pseudo?accidifex also produces death in the Gypsy 
Moth caterpillar, Silk Worms, Tobacco Horn Worm, 
and other insects upon ingestion of the microorganism. 
It is not intended to in any way limit the scope of the 
present invention by the extent of test results currently 
available. 

Since death is induced by the microorganism upon 
mere ingestion thereof by the larvae, population control 
is easily effected by deposition of M. pseudo?accidifex in 
the environs of the object insect population in a form 
that makes it available for consumption by the larvae of 
said insect(s). For instance, a concentration of the lethal 
micrococcus can be suspended in an environmentally 
safe medium and then sprayed or fogged or applied to 
ingestible material by any feasible method in an area to 
be treated. It is also contemplated. that an effective pop 
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ulation of the bacteria may be lyophilized for ultimate 
use by a consumer. While this is one convenient way to 
effect insect population control by use of the present 
invention, it is in no way'intended to limit the scope of 
the present invention by this suggested method. 
For a better understanding of the present invention, 

together with other and further objects, reference is 
made to the following description, taken in conjunction 
with the accompanying examples. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance with the present invention, a microbio 
logically pure culture of the microorganism Micrococcus 
pseudo?accidifex, ATCC No. 31970, is provided which 
produces death in insects. The above-named organism, 
which is a micrococcus, was isolated from the bodies of 
Monarch Butterfly caterpillars obtained from Queens, 
NY. Specimens of the Monarch Butter?y were re 
trieved in the form of eggs and nurtured in a colony 
separated from the natural environment. 

Observation of the butter?ies in the larvae stage re 
vealed reduced activity level in several specimens fol 
lowed by death ostensibly caused by wilt disease. Upon 
opening the bodies of the dead caterpillers, a thin, dark 
putrid fluid was emitted, it having been observed that 
essentially all of the inside organs of the caterpillar had 
been destroyed. 

In an effort to determine the cause of death, the body 
?uid was streaked out on culture plates and eventually 
a pure culture of the microorganism was isolated by 
conventional pour plate technique and investigated. 
The organism was fed to, and inoculated into, Mon 

arch caterpillars. All insects died and the organism was 
reisolated- from the treated caterpillars. 

' THE MICROORGANISM 

Micrococcus pseudo?accidifex, ATCC No. 31970, has 
the following morphological characterisics. It is a gram 
positive micrococcus. This staining may vary depend 
ing on the age of the culture. It grows aerobically on 
agar or in broth media generally in groups of two, al 
though at times they may appear as short rods with four 
or more cells in a chain. The colonies are circular, 
smooth, and of glistening off-white appearance. 
While the organism will grow to an adequate extent 

on a variety of media, it has thus far been best cultured 
on Brain Heart Infusion _(BHI) Broth or agar supple 
mented with inactivated horse serum in the ratio of 0.5 
ml. to 10 ml. of media. 
The carbohydrate metabolism of M pseudo?accidifex 

is as follows (1% phenol red sugar): 

M. pseude?accidifex M. ?accidifex danai 
Gram Stain Positive Negative 

Fermentation: 

Arabinose Acid only Acid and Gas 
Sucrose Acid only Acid and Gas 
Inulin Acid only Acid and Gas 
Mannose Acid only Acid and Gas 
Colonies Round Crenate Margin 

The method used for determining carbohydrate metab 
olism utilized standard procedures such as those de 
scribed by A. C. Baird-Parker, “Methods for Identify 
ing Staphylocci and Micrococci,” in the 1979 edition of 
Identi?cation Methods for Microbiologists published by 
the Society of Applied Microbiologists, edited by F. A. 
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4 
Skinner and D. W. Lavelock which is incorporated by 
reference herein, and the test procedures of Gunn, et al., 
“Comparison of Methods for Identifying Staphylococ 
cus and Micrococcus,” Journal of Chemical Microbiol 
ogy, Vol. 14, No. 2, August 1981, pages 195-200 which 
is also incorporated by reference herein. 

Further biochemical reactions were also conducted 
in accordance with procedures outlined in the above 
referenced publications with the following results: 

Biochemical Metabolism of Micrococcus Pseudo?ac 
cidzfex 

Aerobic and Microaerophilic 
Hemolysis: Alpha 
Catalase: Positive 
Gelatin Stab: Saccate liquefaction, while pellicle and 

sediment 
Litmus Milk: Casein Hydrolysis slow—48 hrs. 
HZS: Negative 
Capsule: In Brain Heart Infusion (BHI) medium 
Indole: Negative 
Deoxycholate: Positive after seven days 
Nitrate Reduction: Positive 
Themostabile Nuclease: Positive 
Growth in 10% NaCl: Negative 
Solubility in Bile: Soluble 
Erythromycin: Sensitive 
Lysostaphin: Sensitive 
Lysozyme: Resistant 
Novobiocin: Resistant 
In order to distinguish Micrococcus pseudo?accidi?zx 

from Microccus ?accidzfex danai, as described by F. 
Martin Brownz, the following physiological compari 
son has been made. 
2See Brown, Descriptions of New Bacteria Found in Insects, American 
Museum Novitiates, No. 251, Feb. 2, l927, page 5. 

Carbohydrate Acid Growth 

Arabinose Acid formation 
Fructose Acid formation 
Galactose Acid formation 
Maltose Acid formation 
Starch Acid formation 
Sucrose Acid formation 
Inulin Slight Acid formation 
Lactose Slight Acid formation 
Mannose Slight Acid formation 
Sorbitol Slight Acid formation 
Xylose Slight Acid formation 

THE EFFECT OF THE MICROORGANISM 

In tests performed to determine the effectiveness of 
the microorganism on different types of larvae, the 
larvae were subjected to doses of M. pseudo?accidi?zx 
?rst by inoculation. For example, Silk Worms were 
inoculated with the organism in numbers from over a 
thousand to just 40 and all died with wilt disease. (The 
number 40 was found a convenient minimum because of 
difficulties with obtaining such low quantities of the 
microorganism). Similarly, inoculation of Monarch 
caterpillars, Gypsy Moth caterpillars and Tobacco 
Horn Worms resulted in 100% death. 

In tests performed to determine lethality of the bac 
teria, 24 hour cultures were painted on leaves and the 
bacteria were ingested by the four different species of 
caterpillars. All died with wilt disease. 

In an experiment with Gypsy Moth caterpillars, 
within two days 76% were dead and in three days 100% 
were dead. Control caterpillars showed approximately 
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a 4—5% death in three days, thus con?rming an at least 
95% death rate from the bacteria. 

It is thus contemplated that Micrococcus pseudo?ac 
cidi?zx will also be effective in all insects, especially 
herbivorous insects in the larvae stage, even at a very 
low concentration. Presently this bacterium is not 
known to cause disease in humans or in non-insect ani 
mals. Accordingly, the present invention includes a 
method for controlling the population of all insects and 
in particular for controlling herbivorous insects. 
While there has been described what is presently 

believed to be the preferred embodiment of the inven 
tion, those skilled in the art will realize that changes and 
modi?cations may be made thereto without departing 
from the spirit of the invention, and it is intended to 
claim all such changes and modi?cations as fall within 
the true scope of the invention. 

I claim: 
1. A biologically pure culture of the microorganism 

Micrococcus pseudo?accidzfex, ATCC No. 31970. 
2. A composition useful for controlling insect popula 

tion which comprises a biologically pure culture of the 
microorganism Micrococcus pseudo?accidzfex ATCC 
31970 in an environmentally safe medium wherein said 
Micrococcus pseudo?accidzfex is initially present in a 
concentration suf?cient to cause disease in insects. 

3. A method of causing disease in an insect which 
comprises introducing a biologically pure culture of the 
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6 
microorganism Micrococcus pseudo?accidi?’x into said 
insect in a concentration suf?cient to cause disease. 

4. The method of claim 3 wherein said insects are 
herbivorous. 

5. The method of claim 3 wherein the disease is wilt 
disease. 

6. The method of claim 3 wherein said insect is in the 
larvae stage. 

7. The method of claim 3 wherein said insect is se 
lected from the group consisting of Monarch Butter?y 
capterpillar, Gypsy Moth caterpillar, Silk Worm, and 
Tobacco Horn Worm. 1 

8. The method of claim 3 wherein said form of intro 
ducing said microorganism is by applying an environ 
mentally safe medium containing said microorganism 
on or in an ingestible material :in the environment in 
which it is desired to cause disease in the insect. 

9. The method of claim 8 wherein said medium is 
water-based. 

10. The method of claim 8 wherein the concentration 
of microorganism in the medium is about 1 part per 
million by weight. 

11. The composition of claim 2 wherein said concen 
tration is at least about 1 part per million by weight. 

12. The composition of claim 2 wherein said concen 
tration is at least about 40 per insect. 

* * * * * 
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DATED : 01/10/84 

INVENTORiSl i Joseph El. Concannon 

it is certified lhat error appears in the above—identified patent and that said Letters Patent 
are hereby corrected as shown below: 

At C01. 3, Line 53—6l, the chart 

M, pscudajluccidrj'ex M. ?uccidifex danai 
Gram Slain Positive Negative 

Fcrmcnlulion: 

Arnbinosc I Acid only Acid and Gas 
Sucrose Acid only Acid and Gus 
lnulin Acid only Acid and Gus 
Murmose Acid only Acid and Gus 
Colonies Round Crcnruc Mnrgin 

should read: 

Carbohydralc Acid Growlh 

Arribinosc Acid formation 
Fructose Acid foriiiriiion 
G?lilCiUiC Acid formriiiun 
Mallcsc Acid l‘urmurimi 
Starch Acid l‘orimirian 
Sucrose Acid l‘ormniinn 
lnulin Slight Acid I'ormulion 
Lactose Slight Acid l'ormnlion 
Mrumosc Slight Acid l‘onnuiimi 
Sorhilol Slighl Acid l'ormuliuii 
Xylosc Slight Acid formation 
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ncannon 

the above-identified patent and that said Letters Patent is hereby 

- 

Col. 4 , line 36-47 , the chart 
Carbohydrate Acid Growth 

Arnbinoic Acid formation 
Fructose Acid Formation 
Gnlnctose Acid formation 
Mnltosu Acid formation 
Starch Acid Formation 
Sucrose Acid l‘ornuuinn 
lnulin Siight Acid formation 
Lactose Slight Acid lormntion 
Mnnnosc Sllglll Acid formation 
Sorbitol Slight Acid t'ornnitiun 
Xylosc Slight Acid lbrmnlion 

should read: 

Mi ?uccidrlfex danai 
Gram Stain Positive Negative 

Fermentation: 
Arabinosc Acid only Acid and Gas 
Sucrose Acid only Acid and Gas 
lnulin Acid only Acid and Gus 
Mannosc Acid only Acid and Gus 
Colonics » Round Crcnntc Margin 

I I Signed and Scaled this 
mm Day of April 1984 

[SEALI 
Arrest: 

GERALD .I. MOSSINGHOFF 

Arresting Officer Commissioner of Patents and Trademarks 
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